ABSTRACT The effect of the fruiting body and mycelium of Volvariella volvacea (straw mushroom) on the concentrations of plasma lipids, liver cholesterol, fecal neutral sterol and bile acid excretions was investigated in male Golden Syrian hamsters. The hamsters were fed a purified hypercholesterolemic diet (0.1% cholesterol, 10% fat) for 4 wk to elevate plasma lipid concentrations. Twelve hamsters with elevated plasma total cholesterol were randomly assigned to each treatment group: control (5% cellulose), mushroom fruiting body (5%) and mushroom mycelium (5%). After 4 wk of mushroom diet consumption, the plasma total cholesterol, HDL cholesterol, and combined VLDL / LDL cholesterol concentrations (mmol/L) were significantly lower than control in the group fed the fruiting body-diet (40, 38 and 43%, respectively) (P õ 0.05). The liver cholesterol levels were significantly lower in both the mushroom fruiting body-and the mycelium-fed groups (28 and 21% in terms of concentration; 39 and 30% in terms of total content, respectively) (P õ 0.05) than that in the control group. Fecal neutral sterol excretion in the mushroom fruiting body-and mycelium-fed groups was significantly higher (81 and 74%, respectively) (P õ 0.05) than that in the control group. Although no significant differences ( P ú 0.05) in the excretion of fecal bile acids were observed among groups fed the mushroom diets and the control diet, the mushroom fruiting body diet-fed hamsters apparently had less bacterial degradation of cholic acid as indicated by a significantly greater proportion ( P õ 0.05) of fecal cholic acid than in controls. They also had a significantly lower proportion of fecal deoxycholic acid (P õ 0.05). This study suggests that the fruiting body of the straw mushroom lowers elevated plasma cholesterol in hypercholesterolemic hamsters, whereas the mycelium does not. J. Nutr. 128: 1512Nutr. 128: -1516Nutr. 128: , 1998 
On the basis of recent knowledge, it has been demonstrated the fruiting body (common edible form) and the mycelium that the lowering of circulating cholesterol (especially LDL (vegetative hyphae for cultivation) of straw mushroom exerted cholesterol) levels can prevent, arrest and even reverse corocertain cholesterol-lowering effects when fed to hypercholesnary atherosclerosis (Barter and Rye 1996, LaRosa 1994, Ro- terolemic rats (Cheung and Chan 1995 , Cheung and Tsui senfeld 1989 , Stalmer et al. 1986 ). The search for natural 1995). substances capable of lowering blood cholesterol is ongoing in Several investigators have reported that the plasma total the field of nutrition. Edible mushrooms (fungi) are an ideal cholesterol concentrations in hamsters respond to hyperchofood for the dietetic prevention of atherosclerosis due to their lesterolemic diets in a manner similar to that seen in humans high content of fiber, proteins, microelements and their low fed high cholesterol diets (Nistor et al. 1987 , Sicart et al. 1984 fat content (Crisan and Sands 1978 , Kurasawa et al. 1982 , Singhal et al. 1983 . The use of hamsters in the In fact, the inclusion of edible mushrooms in a natural hypoinvestigation of the hypocholesterolemic effect of mushroom cholesterolemic and antisclerotic diet has been used in Orienis rare (Bobek et al. 1991b) . Thus, the present study was tal medicine (Sun et al. 1984) . The hypcholesterolemic effect conducted in hamsters fed diets including the fruiting body of a few mushrooms has already been studied using rats (Bobek and mycelium of the straw mushroom to determine its hypoet al. 1991a , Cheung 1996a , Kaneda and Tokuda 1966 . cholesterolemic effect. The influence of the mushroom diets on the plasma and hepatic cholesterol concentrations and fecal Straw mushroom (Volvariella volvacea) is a widely cultivated neutral sterol and bile acid excretions was examined. tropical mushroom in Southeast Asia. It is not only a popular ingredient in traditional Chinese cuisine but also has a Chinese folk history concerning its pharmaceutical effects (Chang MATERIALS AND METHODS and Mao 1995). Our laboratory has demonstrated that both Vahouny et al. (1987) . In brief, 0.5-g portions of the fecal samples were acid-digested and g/kg the total lipids were extracted using toluene. The extracted lipids were then subjected to enzymatic hydrolysis of the bile acid conjugates dried and methylated with concentrated HCl and dimethoxypropane. The esterified bile acids were analyzed by GLC using a column containing 3% SP-2100 on 100/120 mesh Supecoport (Supelco). Neutory Chow 5001, Purina Laboratories, St. Louis, MO) and water tral sterols and bile acids were identified by comparison of relative for 1 wk to allow adaptation to the environment. All experimental retention times with standards and quantified using internal standards protocols complied with NIH guidelines (NRC 1985) .
(5a-cholestane for cholesterol and 23-nordeoxycholic acids for bile Diet. At the end of the first week, all hamsters were switched to acids) corrected for differences in the flame ionization detector rea purified, hypercholesterolemic diet (control diet) for 4 wk. The sponses. control diet was based on the AIN-76A diet (AIN 1980) with the Statistical analysis. Data represent means { SEM . Differences following composition (g/kg diet): cornstarch, 496.9; casein, 200; among treatment group means were determined by one-way ANOVA sucrose, 100; corn oil, 100; cellulose, 50; AIN-76 mineral mix, 35;
followed by Tukey's pairwise comparisons test (Ott 1988 ) using the AIN-76 vitamin mix 10; DL-methionine, 3.0; choline bitartrate, 2.0;
SYSTAT system (SYSTAT, Evanston, IL). An a-level of 0.05 was cholic acid, 2.0; cholesterol, 1.0; butylated hydroxytoluene, 0.1; and set to determine significance. menadione sodium bisulfite complex, 0.001. In the two mushroom diets, the cellulose (50 g/kg) was replaced by an equivalent amount (50 g/kg) of the dried straw mushroom fruiting body powder or RESULTS mycelium powder. Both the fruiting body and mycelium of straw mushroom were cultivated in our laboratory (Cheung 1996b Table 1. lipid concentrations (mmol/L) in the hamsters fed a hyperExperimental design. Blood samples were taken from hamsters cholesterolemic (control) diet that contained 10% fat and that were deprived of food overnight before the introduction of the hypercholesterolemic control diet to establish the baseline plasma Postfeeding fecal sterols at wk 9. Fecal neutral sterol exThe fruiting body of the V . volvacea used in this study was effective in significantly (P õ 0.05) lowering the plasma total, cretion was higher (P õ 0.05) in the groups fed the fruiting body and mycelium diets (80.7 and 73.6%, respectively) than HDL and combined VLDL / LDL cholesterol concentrations. The reduction in the combined VLDL / LDL cholesterol in the controls ( Table 4) . In all of the diet groups, the bacterial metabolite, coprostanol, was the major component of fecal concentration (43%) was slightly greater than that of the HDL cholesterol (38%). Moreover, despite a reduction in the neutral sterols ( Table 5 ). The mushroom fruiting body and mycelium diets resulted in lower (P õ 0.05) proportions of plasma HDL cholesterol, the ratio of HDL cholesterol to total cholesterol concentration was preserved at 0.5. All of the fecal coprostanol and higher (P õ 0.05) proportions of fecal cholesterol. There were no significant differences in fecal total above effects would help to reduce the risk of atherosclerosis (Miller and Miller 1975) . The involvement of dietary fiber bile acid excretion among the groups (Table 4) . However, there was a greater (P õ 0.05) percentage of primary bile in moderating cholesterol-lowering responses has been well documented. Despite the fact that the control diet had a higher acids (sum of cholic acid and chenodeoxycholic acid) in hamsters fed the fruiting body diet, which was largely due to a TDF content, which contained mainly cellulose, there was no hypocholesterolemic response in hamsters fed the control diet significantly greater proportion (P õ 0.05) of cholic acid and a significantly smaller proportion (P õ 0.05) of deoxycholic as expected from an insoluble dietary fiber such as cellulose (Kritchevsky 1988) . Moreover, although the TDF content of acid (Table 6) .
the fruiting body in V . volvacea. was only half that of the mycelium (Cheung 1996b) , only the mushroom fruiting body DISCUSSION lowered plasma cholesterol, as discussed above. Previous studMale Golden Syrian hamsters have been used widely as a ies in rats had suggested that mushroom b-glucans are effective model to study atherosclerosis and cholesterol metabolism in cholesterol-lowering polysaccharides (Cheung 1996a and response to dietary fat manipulations because they possess 1996c). It has been hypothesized that upon ingestion, soluble many features of cholesterol metabolism similar to those of dietary fibers such as b-glucans increase small intestinal viscoshumans (Jackson et al. 1989 , Nistor et al. 1987 , Spady and ity, resulting in reduced bile acid and cholesterol or triglyceride Dietschy 1983 ). In addition, like humans, hamsters have gall absorption and/or reabsorption, thus lowering plasma cholesbladders and secrete apoprotein B-100 and B-48 separately by terol (Chen and Anderson 1986) . In this study, the soluble the liver and intestine, respectively (Liu et al. 1991) .
dietary fiber might have been fermented in the forestomach In this study, the elevated plasma cholesterol concentraof the hamsters (the extent of which had not been measured), tions observed after consumption of a hypercholesterolemic diminishing its role in the cholesterol-lowering response. Nevcontrol diet were similar to the responses reported in hamster ertheless, it had been reported that isolated mushroom bfed diets with similar amounts of cholesterol (Carr et al. 1996 , Kahlon et al. 1996 . Data for the treatment groups that did not meet the assumption 3 Data for the treatment groups that did not meet the assumption of equal variance were log-transformed before statistical analysis.
of equal variance were log-transformed before statistical analysis.
/ 4w41$$4095 07-22-98 08:13:38 nutra LP: J Nut September acid (Table 6 ). Furthermore, the significantly (P õ 0.05) The fecal bile acid composition of hamsters fed the mushMycelium 51.1 { 2.9 b 37.1 { 2.3 a 11.8 { 1.2 room diets (Table 6 ) was comparable to that of a previous report on hamsters fed diets with similar amounts of cholesterol 1 Values are means { SEM, n Å 12.
and cholic acid (Singhal et al. 1983) . Although the experi-2 Means in a column with different superscripts are significantly different, P õ 0.05. mental and control diets contained the same amount of cholic acid (2.0 g/kg), the percentage of total bile acids in the feces of hamsters fed the mushroom fruiting body diet was signifiglucans from Pleurotus ostreatus lowered the serum cholesterol cantly (P õ 0.05) higher than that of hamsters fed either the concentration in hamsters (Bobek et al. 1991b ). Moreover, mycelium or the control diet (Table 6 ). The enhanced cholic mushroom phytochemicals such as eritadenine, found in the acid proportion in the fecal total bile acids may indicate that fruiting body of shiitake mushroom (Lentinus edodes), have cholic acid binding to components of the mushroom fruiting been reported to be hypocholesterolemic agents (Sugiyama et body is relatively stronger than the mycelium. The fecal proal. 1995). It is therefore possible that the straw mushroom portion of the secondary bile acid deoxycholic acid in the may also contain unknown hypolipemic substance(s).
fecal total bile acids was lower for hamsters fed the mushroom Hamsters fed the control diet had significantly (P õ 0.05) fruiting body diet than for those fed either the mycelium or greater levels of hepatic cholesterol than hamsters fed the two the control diet, which might indicate that there were fewer mushroom diets (Table 3) . Hepatic cholesterol content is primary bile acids available for absorption in the fruiting body related to the rate at which cholesterol is absorbed by the diet and a reduction in the production of secondary bile acid intestine and delivered to the liver. Cholesterol accumulation due to less 7a-hydroxylase activity mentioned earlier. in the liver can result in increased esterification and storage, These results suggest that both the fruiting body and the increased secretion of cholesterol in hepatic lipoproteins and mycelium of V . volvacea could influence hepatic cholesterol decreased uptake of plasma cholesterol via the LDL receptor synthesis and fecal excretion of neutral sterols and bile acids. (Dietschy et al. 1993) . Moreover, the soluble dietary fiber Although these results were in agreement with our earlier contained in the mushroom diets consumed by the hamsters studies on the hypocholesterolemic effect of straw mushroom could be fermented in the pregastric pouch of the animal, in rats Chan 1995, Cheung and Tsui 1995) , producing volatile fatty acids (Gallaher et al. 1993) . It has these results suggest that only the fruiting body of straw mushbeen hypothesized that the rate-limiting enzyme in the hepatic room lowers elevated plasma cholesterol levels in hypercholescholesterol biosynthetic pathway, 3-hydroxy-3-methylglutarylterolemic hamsters, whereas the mycelium does not. DifferCoA reductase, could be inhibited by these volatile fatty acids ences in cholesterol-lowering capacity of the two mushroom (Chen et al. 1984) , leading to a reduction in the liver cholesdiets in this experiment could not be related to the fecal terol synthesis that further lowers the hepatic cholesterol levexcretion of neutral sterols or total bile acids. However, there els. Furthermore, chitin, which is present in the straw mushwas evidence that the feces of hamsters fed the diet containing room, has been found to reduce liver cholesterol in rats (Zathe mushroom fruiting body contained a significantly (P õ cour et al. 1992) . 0.05) higher proportions of primary bile acid (cholic acid) The primary hypothesis concerning the mechanism of the with a concomitant reduction in the proportions of secondary cholesterol-lowering effect of dietary fiber is increased excretion of fecal cholesterol and bile acids. The reduction of enterohepatic circulation of bile acids consequently increases the coprostanol (as % of neutral sterols) were significantly (P õ 0.05) lower in the feces of the hamsters fed the two mushroom % of total bile acids diets than in those of the control group (Table 5 ). These findings suggest that there was more fermentation in the large cholic acid) (Vahouny et al. 1987 
